Abstract Purpose: The possible involvement of gender-dependent factors has been suggested in human non-small cell lung carcinomas (NSCLC), but their precise roles remain largely unclear. Therefore, we examined intratumoral estradiol concentrations in NSCLC to examine local actions of estrogens in NSCLC. Experimental Design: Fifty-nine frozen specimens of NSCLC were available for liquid chromatography/electrospray tandem mass spectrometry to study intratumoral estradiol concentrations. In addition, A549 NSCLC cells stably expressing estrogen receptor (ER) a (A549 + ERa) or ERh (A549 + ERh) were used in vitro studies. Results: Forty-three (73%) of 59 NSCLC showed higher concentration of estradiol in carcinoma tissues than the corresponding nonneoplastic lung tissues from the same patient, and intratumoral estradiol concentrations were significantly (P = 0.0002 and 2.2-fold) higher than the corresponding nonneoplastic lungs. The intratumoral concentration of estradiol was positively correlated with aromatase expression, tumor size, and Ki-67 status in ERa-or ERh-positive cases. In in vitro studies, estradiol significantly increased cell proliferation of A549 + ERa orA549 + ERh, which was significantly suppressed by selective ER modulators, tamoxifen or raloxifene. Both A549 + ERa and A549 + ERh cells expressed aromatase. The cell proliferation level in these cells was significantly increased under treatment with testosterone, and it was inhibited by addition of the aromatase inhibitor letrozole. Conclusions: These results suggest that estradiol is locally produced in NSCLC mainly by aromatase and plays an important role in the growth of ERa-or ERh-positive NSCLC. Therefore, use of selective ER modulators and/or aromatase inhibitors may be clinically effective in NSCLC that are positive for both ER and aromatase.
Lung carcinoma is the most leading cause of cancer mortality throughout the world. Despite recent improvements in its treatment, it still remains a highly lethal disease (1 -3) . Therefore, it is very important to investigate biological features of the lung cancer to develop targeted therapies aimed at specific proteins expressed by the carcinoma cells. Lung carcinoma is histologically classified into small cell carcinoma and non-small cell lung carcinoma (NSCLC). NSCLC accounts for f80% of the lung carcinomas and is composed of heterogeneous groups such as adenocarcinoma, squamous cell carcinoma, and large cell carcinoma. Squamous cell carcinoma is closely associated with smoking and a higher frequency is detected in men, whereas adenocarcinoma tends to occur more frequently in women, suggesting a possible involvement of gender-dependent factors in the pathogenesis of NSCLC (1, 4, 5) .
It is well known that sex steroids play important roles in various human tissues as gender-dependent factors including nonclassic target tissues. Among sex steroids, estrogens are major contributors to cell proliferation of both breast and endometrial carcinomas through an initial interaction with estrogen receptor (ER) a and/or ERh. Previous studies showed that a great majority of NSCLC expressed ERs (5 -8) and estrogen stimulated the growth of NSCLC tumors in nude mouse xenografts. In addition, hormone replacement therapy has been reported to significantly decrease survival in women with lung cancer (9) . Therefore, estrogenic actions have been postulated to contribute to the development and/or progression of NSCLC.
The most biologically active estrogen is estradiol; therefore, it is very important to examine the intratumoral concentrations of estradiol in NSCLC to obtain a better understanding of estrogenic actions in NSCLC. However, measurements of intratumoral estrogen concentrations have not been reported at all in NSCLC, so the clinical and/or biological significance of the role of estrogens have largely remained unknown in NSCLC. Therefore, in this study, we first measured the tissue concentration of estradiol in 59 cases of NSCLC and correlated these findings with various clinicopathologic factors of the cases. We subsequently characterized the potential biological functions of estrogens in NSCLC cells through the use of cell culture studies.
Materials and Methods
Patients and tissue specimens. Fifty-nine specimens of NSCLC were obtained from patients who underwent surgical resection from 2000 to 2003 in the Department of Surgery at Tohoku University Hospital. Thirty-three patients were men and the mean age was 71 years (range, 45-82 years), whereas 26 cases were from postmenopausal women and the mean age was 71 years (range, 50-81 years). NSCLC tissue from premenopausal women was not available for examination in this study. The patients examined in this study did not receive irradiation or chemotherapy before surgery. Overall survival data were available for all patients examined, with the mean follow-up time of 1,257 days [3.4 years; range, 245-2,414 days (0.7-6.6 years)]. Specimens for estradiol extraction or RNA isolation were snap-frozen and stored at -80jC and those for immunohistochemistry were fixed with 10% formalin and embedded in paraffin wax.
Informed consent was obtained from all the patients before their surgery and examination of the specimens used in this study. Research protocols for this study were approved by the Ethics Committee at Tohoku University School of Medicine.
Liquid chromatography/electrospray tandem mass spectrometry. Concentrations of estradiol were measured by liquid chromatography/electrospray tandem mass spectrometry analysis in Teizo Medical as described previously (10, 11) . Briefly, we used a liquid chromatograph (Agilent 1100, Agilent Technologies) coupled with an API 4000 triple-stage quadrupole mass spectrometer (Applied Biosystems) operated with electrospray ionization in the positive-ion mode in this study. The mobile phase consisted of solvents A [0.1% formic acid in water (v/v)] and B (acetonitrile) and delivered at flow rate of 0.4 mL/min. We used mixture of solvents A and B [30:70 (v/v) ] as an initial condition. After injection, it was followed by a linear gradient to 100% solvent B for 4 min, and this condition was maintained for 3 min. The system was returned to the initial proportion within 0.05 min and maintained for the final 2.95 min of each run. For multiple reaction monitoring mode, the instrument monitored the m/z 255.3 (I.S. 258.3) from 396.4 (I.S. 399.4) for estradiol derivatives.
In our present study, the lower limit of quantification of estradiol was 0.2 pg. The reproducibility of the experiment was evaluated by intra-assay and interassay (n = 3), and their coefficient variations were 12% and 2%, respectively.
Reverse transcription-PCR. Total RNA was extracted using TRIzol reagent (Invitrogen Life Technologies) and a reverse transcription kit (SuperScript II, Preamplification System, Life Technologies) was used in the synthesis of cDNA. Reverse transcription-PCR (RT-PCR) was done using the Light-Cycler System (Roche Diagnostics) and ribosomal protein L 13a (RPL13A) was also used as an internal standard. To verify amplification of the correct sequences, the PCR products were purified and subjected to direct sequencing. Negative controls, in which the reaction mixture lacked cDNA template, were included to check for the possibility of exogenous contaminant DNA.
Immunohistochemistry. Monoclonal antibodies for ERa (NCLER-6F11), ERh (MS-ERh13-PX1), and Ki-67 (MIB1) were purchased from Novocastra Lab, Gene Tex, and DAKO, respectively. Rabbit polyclonal antibody for 17hHSD1 was kindly provided by Dr. M. Poutanen (University of Oulu; ref. 13) . In this study, a Histofine Kit (Nichirei), which employs the streptavidin-biotin amplification method was used for immunohistochemistry. Antigen retrieval was done by heating the slides in an autoclave at 120jC for 5 min in citric acid buffer [2 mmol/L citric acid and 9 mmol/L trisodium citrate dehydrate (pH 6.0)] for ERa, ERh, and Ki-67 immunostaining. The antigen-antibody complex was visualized with 3,3 ¶-diaminobenzidine solution [1 mmol/L 3,3 ¶-diaminobenzidine, 50 mmol/L Tris-HCl (pH 7.6), and 0.006% H 2 O 2 ] and counterstained with hematoxylin. As a negative control, normal mouse or rabbit IgG was used instead of the primary antibody.
Immunoreactivity for ERa, ERh, and Ki-67 was detected in nuclei of carcinoma cells and the immunoreactivity was evaluated in >1,000 carcinoma cells for each case. Subsequently, the percentage of immunoreactivity, labeling index (LI), was determined. Cases with ERa or ERh LI of >10% were considered ERa-or ERh-positive NSCLC as reported previously (14) . Immunoreactivity for 17hHSD1 was detected in the cytoplasm of carcinoma cells, and cases that had >10% of positive carcinoma cells were considered positive (15) .
To evaluate relative immunointensity of ERs in NSCLC, immunoreactivity of ERa and ERh was also evaluated by H scoring system (16) . Briefly, ER-positive carcinoma cells were further classified into the strongly or weakly positive cells, and H scores were subsequently generated by adding together 2Â % strongly stained cells, 1Â % weakly stained cells, and 0Â % negative cells, giving a possible range of 0 to 200.
Cell culture and chemicals. Human NSCLC cell line A549 was purchased from Institute of Development, Aging and Cancer, Tohoku University. The A549 cells were cultured in RPMI 1640 (Sigma-Aldrich) with 10% fetal bovine serum (JRH Biosciences). In this study, cells were cultured with phenol red -free RPMI 1640 containing 10% dextrancoated charcoal-fetal bovine serum for 3 days before the experiment.
Sex steroids (estradiol and testosterone) and selective ER modulators (SERM) such as tamoxifen and raloxifene were purchased from SigmaAldrich. An ERa agonist (propyl-pyrazole-triol; PPT; ref. 17 (r = 0.37) NOTE: Data were continuous variable, and the median with minimum-maximum values were presented. NA indicates that the P value was not available because of n = 1 in one group. Data were statistically analyzed using Mann-Whitney's U test or the Spearman rank correction. P values < 0.05 were considered significant and are indicated in boldface. used in this study was described previously (5, 18) . Briefly, A549 cells were transfected with ERa or ERh expression vector with Trans IT LT-1 reagent (Takara), respectively. After 24 h in culture, the cells were grown in fresh RPMI 1640 supplemented with 10% fetal bovine serum containing 1 mg/mL geneticin (G418; Sigma-Aldrich) for 2 weeks. Isolated colonies were trypsinized in metal ring cups and the cells were further cultured in the presence of 200 Ag/mL G418. As a negative control, empty vector was also transfected in the A549 cells. Luciferase assay. The luciferase reporter gene assay was done as described previously (19) with some modifications. Briefly, 1 Ag ptk-ERE-Luc plasmids and 200 ng pRL-TK control plasmids (Promega) were used to measure the transcriptional activity of ER. Transient transfections were carried out using TransIT-LT Transfection Reagents (TaKaRa) in A549 transformants and the luciferase activity of lysates was measured using a Dual-Luciferase Reporter Assay system (Promega) and Luminescencer-PSN (AB-2200; ATTO). The transfection efficiency was normalized against Renilla luciferase activity using pRL-TK control plasmids and the luciferase activity for each sample was evaluated as a ratio (%) compared with that of controls.
Cell proliferation assays. A549 transformants were treated with the indicated compounds for 3 days and the status of cell proliferation was 
Results
Intratumoral estradiol concentrations in NSCLC. We first examined the tissue concentration of estradiol in NSCLC and corresponding nonneoplastic lung tissues using liquid chromatography/electrospray tandem mass spectrometry. As shown in Fig. 1A , the median with minimum-maximum value of tissue concentration of estradiol was 20 (0-234) pg/g in NSCLC.
Forty-three (73%) of 59 NSCLC cases showed higher concentration of estradiol in carcinoma tissues than the corresponding nonneoplastic lung tissues from the same patients, and the intratumoral estradiol concentrations were significantly (P = 0.0002 and 2.2-fold) higher than those found in their corresponding nonneoplastic lung tissues [9 (0-116) pg/g]. This correlation was detected regardless of the gender of the patients We then examined the association between the intratumoral estradiol concentration and expression of enzymes related to estrogen production in NSCLC tissues. mRNA expression for aromatase, 17hHSD1, 17hHSD2, and RPL13A was detected as a specific single band (115, 326, 192 , and 125 bp, respectively) by RT-PCR analyses (Fig. 1B) , and the results for 17hHSD1 were confirmed by immunohistochemistry (data not shown). As shown in Fig. 1C , the intratumoral estradiol concentration was significantly associated with aromatase (P = 0.01) but not with 17hHSD1 (P = 0.73) or 17hHSD2 (P = 0.29).
Association between intratumoral concentration of estradiol and clinicopathologic variables according to ER status in NSCLC. We subsequently examined an association between intratumoral estradiol concentration and clinicopathologic factors according to ER status in NSCLC, because estrogenic actions are mediated through an interaction with estradiol and ER isoforms. Immunoreactivity for both ERa ( Fig. 2A) and ERh (Fig. 2B ) was detected in 32 (54%) and 53 (90%) of the 59 NSCLC cases, respectively, and 54 (92%) of 59 cases were ER (ERa or ERh) positive. The intratumoral concentration of estradiol was not significantly associated with the ERa (P = 0.96) or ERh status (P = 0.28).
When we evaluated relative immunointensity of ERs by H score in NSCLC and correlated with that in the same number of breast carcinomas, the relative immunointensity of ERa was significantly (P < 0.0001 and 9.3-fold) lower in NSCLC than the breast carcinomas (Fig. 2C) , whereas ERh immunointensity in NSCLC was significantly (P < 0.0001 and 4.7-fold) higher (Fig. 2D) .
As shown in Table 1 , the intratumoral estradiol concentration was positively associated with tumor size (P = 0.01) and Ki-67 LI (P = 0.01) in ERa-positive NSCLC but not in ERa-negative cases (P = 0.70 in tumor size and P = 0.19 in Ki-67 LI). The intratumoral concentration of estradiol was significantly higher in men than postmenopausal women regardless of ERa status (P = 0.0002 in ERa-positive group and P = 0.001 in ERa-negative group). No significant association was detected between intratumoral estradiol concentration and other clinicopathologic factors examined regardless of the ERa status of the carcinoma cells. Estradiol concentration in NSCLC was also positively associated with tumor size (P = 0.04) and Ki-67 LI (P = 0.01) in ERh-positive NSCLC and was significantly higher in male patients than postmenopausal women (P < 0.0001; Table 2 ).
When the intratumoral concentration of estradiol was categorized into two groups according to their median values, the higher concentration group tended to be associated with worse prognosis in ER-positive NSCLC cases, although the association did not reach significant level (P = 0.12, log-rank test) but not in ER-negative patients (P = 0.59) in this study.
Establishment of A549 NSCLC cells expressing ERa or ERb. To further characterize the biological functions of ER isoforms in NSCLC, transformed A549 NSCLC cells expressing ERa (A549 + ERa) or ERh (A549 + ERh) were established (Fig. 3A) , because the parental A549 cells examined in this study did not express ERa or ERh at both mRNA and protein levels in our study (data not shown). As a control, we also isolated a clone named A549 + CMV, which was stably transfected with empty vector in the A549 cells. mRNA expression of ER isoforms was not detected in the A549 + CMV cells (Fig. 3A) . The patterns of protein expression of ER isoforms in these cells were confirmed by immunohistochemistry (Fig. 3B) .
We subsequently examined the effects of ERa or ERh expression in these cells on the transcriptional activity mediated through estrogen-responsive element using luciferase reporter gene assays. When the A549 transformants were transiently transfected with ptk-ERE-Luc plasmids and treated with estradiol (100 pmol/L), the luciferase activity was significantly increased in A549 + ERa (P < 0.01 and 3.2-fold) and A549 + ERh (P < 0.05 and 2.1-fold) cells but not in A549 + CMV cells (1.1-fold) when compared with their basal levels (no estradiol treatment; Fig. 3C ). The estrogen-responsive element -dependent transactivation by estradiol in A549 + ERa or A549 + ERh cells was significantly inhibited (P < 0.01 and P < 0.05, respectively) by addition of the ER antagonist ICI 182,780. The luciferase activity was significantly (P < 0.01 and 3.0-fold) increased by the treatment with ERa agonist PPT (100 pmol/L), but not ERh agonist DPN (100 pmol/L), in A549 + ERa cells, whereas the activity was significantly (P < 0.05 and 2.0-fold) induced by DPN, but not PPT, in A549 + ERh cells (Fig. 3D) .
When parental A549 cells were treated with estradiol, PPT, or DPN (100 pmol/L, respectively), the estrogen-responsive element -dependent transactivation was not significantly increased (1.1-, 1.0-, or 1.1-fold) compared with the basal level in our present study.
Effects of ERa or ERb expression on estrogen-mediated proliferation in A549 cells. The number of A549 + ERa cells was significantly increased following the treatment with estradiol over the concentration range of 10 pmol/L to 1 nmol/L for 3 days (Fig. 4A) . The cell proliferation of A549 + ERa cells treated with 100 pmol/L estradiol was 1.3-fold higher than the basal proliferative level measured in the absence of estradiol (P < 0.001). Estradiol-induced cell proliferation was significantly inhibited (P < 0.001) by addition of ICI 182,780 (1 Amol/L), with proliferation comparable with the basal levels being observed.
Estradiol-mediated cell proliferation was also detected in A549 + ERh cells and was significantly induced following treatment with 10 and 100 pmol/L estradiol (P < 0.001; Fig. 4B ). The estradiol-mediated cell proliferation of A549 + ERh cells was significantly inhibited (P < 0.001) by the addition of ICI 182,780 (1 Amol/L) with proliferation comparable with the basal levels being observed. In the A549 + CMV and parental A549 cells, estradiol, PPT, or DPN (100 pmol/L, respectively) did not significantly change the basal cell proliferation (data not shown).
Effects of SERMs on estrogen-mediated proliferation in A549 cells expressing ER isoform. As shown in Fig. 4C , the estradiolmediated proliferation of A549 + ERa cells was significantly suppressed by addition of SERMs such as tamoxifen (1 Amol/L) or raloxifene (1 Amol/L; P < 0.001). Tamoxifen or raloxifene alone did not significantly change the status of cell proliferation of estradiol-untreated A549 + ERa cells.
Similarly, the estradiol-mediated proliferation of A549 + ERh cells was also significantly inhibited by tamoxifen (P < 0.001) or raloxifene (P < 0.001; Fig. 4B ). Tamoxifen or raloxifene did not significantly alter the cell proliferation level of estradioluntreated A549 + ERh cells. The cell proliferation of A549 + CMV or parental A549 cells was not significantly influenced following treatment with estradiol (100 pmol/L) and/or SERM (1 Amol/L; data not shown).
Aromatase in A549 cells expressing ER isoform and its correlation with cell proliferation. Using liquid chromatography/electrospray tandem mass spectrometry analysis of NSCLC, the intratumoral estradiol concentration was positively associated with the status of aromatase expression (Fig. 1C) . Therefore, intratumoral aromatase may play an important role in contributing to the endogenous estrogen-mediated cell proliferation in NSCLC. To further validate this hypothesis, we used the A549 transformants, because these cells all expressed aromatase mRNA (data not shown) as reported previously (20) .
When A549 + ERa or A549 + ERh cells were treated with 10 nmol/L testosterone as a substrate for estrogen production by aromatase for 3 days, the number of the cells was significantly increased compared with the basal level (no treatment with testosterone; P < 0.05; Fig. 5A and B ). This increased cell proliferation was significantly inhibited by the addition of the aromatase inhibitor letrozole in both A549 + ERa (P < 0.05) and A549 + ERh (P < 0.01) cells (these significance levels are not indicated in the figure). Letrozole alone did not significantly change the status of the cell proliferation of A549 + ERa or A549 + ERh cells. The cell proliferation of the A549 + CMV (Fig. 5C ) or parental A549 (data not shown) cells was not significantly influenced by addition of testosterone and/or letrozole.
Discussion
To the best of our knowledge, this is the first report to have shown intratumoral concentrations of estradiol in NSCLC. In our present study, the median value of estradiol concentrations in NSCLC was 20 pg/g and was significantly higher (2.2-fold) than that found in the nonneoplastic lung tissues. Previously reported studies showed that estradiol is significantly (2.3-fold) higher in breast carcinomas in postmenopausal women (388 pg/g) than in the areas considered as morphologically normal (172 pg/g) in the same patients (21) . Estradiol is considered to be locally produced from circulating inactive steroids found within the breast carcinoma tissues (22) . The intratumoral concentration of estradiol in NSCLC was f20 times lower than that detected in the breast carcinomas of postmenopausal women (21) . However, the relative ratio of the intratumoral estradiol concentration to the corresponding nonneoplastic tissue of the same patients was similar between these two carcinomas (2.2 in NSCLC and 2.3 in breast carcinoma). Therefore, it is suggested that estradiol is also locally synthesized in NSCLC as in the great majority of breast carcinomas.
Results of our present study also showed that estradiol concentration in NSCLC tissues was significantly higher (3.7-fold) in men than postmenopausal women. Plasma concentrations of testosterone and androstendione are higher (f10 and 3 times, respectively) in men than postmenopausal women, whereas the plasma concentration of estrogens are similar (Endocrinology Databases; http://www.il-st-acad-sci.org/ data2.html). Therefore, circulating androgens are considered to be the major precursor substrates of local estradiol production in NSCLC. In breast carcinoma tissues, estradiol is known to be locally produced from circulating inactive steroids by several sex steroid-producing enzymes including aromatase (conversion from circulating androstenedione to estrone or testosterone to estradiol; ref. 22) . In our present study, the intratumoral estradiol concentration in NSCLC was positively associated with aromatase expression but not with the other examined enzymes that can potentially contribute to the production of intratumoral estrogens. Weinberg et al. (20) recently reported that aromatase was expressed in NSCLC cells at both mRNA and protein levels. Provost et al. (23) detected high level of 17hHSD activity in A549 cells and reported that 17hHSD5 was the predominant enzyme of the measured 17hHSD activity that is mainly involved in the regulation of intracellular androgen levels. Results of these studies as well as those in our present study indicate that the great majority of intratumoral estradiol is locally produced from circulating androgens by aromatase in NSCLC.
ER consists of ERa and ERh in humans (3, 24, 25) and ERa is considered to mainly mediate estrogenic actions (26) . A great majority of breast carcinomas are positive for ERa and SERMs such as tamoxifen or aromatase inhibitors such as letrozole are being used clinically as antiendocrine therapies for ERa-positive breast carcinoma patients. In NSCLC, ERh immunoreactivity has been found to be frequently positive (6, 14, 27, 28) , whereas the status of ERa immunoreactivity showed marked variability in its frequency of immunopositivity (0-73%) among the different studies reported (5, 14, 27, 29 -31) . In these previously reported investigations, the same ERa antibody employed in our present study (clone 6F11) was used in three groups, in which ERa positivity was 0% (30), 38% (14) , and 66% (29) . In addition, Dabbs et al. (29) reported that nuclear ERa immunoreactivity was detected with the 6F11 clone but not with the 1D5 clone, and these authors suggested that variability in ERa immunoreactivity might be due to different epitope recognized by the antibodies used in the study. In our study, ERa immunoreactivity was detected in 54% of NSCLC, but the relative immunointensity of ERa was much (9.3-fold and P < 0.0001) lower than that in the breast carcinoma examined. Thus, these results suggest that immunointensity of nuclear ERa is weak in NSCLC, which may result in variable interpretation of nuclear positivity and subsequently in inconsistent findings among the reports.
In previous in vitro studies, estrogens induced the proliferation of ER-expressing NSCLC cells, such as DB354, H23, and 201T cells (5, 6, 32) . Stabile et al. (6) reported that estrogens stimulated tumor growth of H23 cells when injected into severe combined immunodeficient mice. However, these cells all expressed both ERa and ERh, so the biological significance of the different ER isoforms has still remained unclear in patients with NSCLC. In our present study, estradiol significantly increased the cell proliferation of A549 cells in the presence of ERa or ERh. In addition, the intratumoral concentration of estradiol was significantly associated with tumor size and Ki-67 LI in both ERa-and ERh-positive NSCLC but not in ER-negative cases. The MIB1 antibody for Ki-67 recognizes cells in all phases of the cell cycle except the G 0 (resting) phase (33) , and Ki-67 LI is known to reflect the proliferative activity. Therefore, estrogens are reasonably postulated to contribute to the cell proliferation or other estrogen-dependent biological processes of NSCLC being mediated through both ERa or ERh, which primarily occur in NSCLC tissues that are positive for both aromatase and ER.
If intratumoral estrogens promote the growth of NSCLC, antiestrogenic therapies would be considered to be effective in a selective group of NSCLC patients as in the breast carcinoma patients. In our present study, 1 Amol/L SERMs such as tamoxifen and raloxifene significantly suppressed the estradiolmediated cell proliferation in both A549 + ERa or A549 + ERh cells back to basal levels. Optimal concentrations of tamoxifen were generally considered to be 10 nmol/L to 10 Amol/L for in vitro studies (34) and serum concentrations of tamoxifen were reported to be 1.8 Amol/L in patients who received high-dose tamoxifen therapy (320 mg), although 20 mg tamoxifen is usually administrated in the great majority of breast carcinoma patients. In addition, the aromatase inhibitor letrozole also decreased the cell proliferation back to basal level in both A549 + ERa and A549 + ERh cells treated with testosterone (Fig. 5) . Weinberg et al. (20) showed that administration of the aromatase inhibitor anastrozole significantly reduced tumor growth of A549 cells in ovariectomized nude mouse xenografts, and very recently, Mah et al. (35) reported an association between aromatase expression and worse prognosis in women with early-stage NSCLC. Results of our present study using letrozole were in good agreements with those of the studies above. Therefore, tamoxifen and/or aromatase inhibitors would be considered to be clinically effective in ER-positive and aromatase-expressing NSCLC. The value of using antiendocrine therapies in NSCLC patients requires further examination.
In summary, the intratumoral estradiol concentration was significantly higher in NSCLC than nonneoplastic lung tissues of 59 examined cases. The estradiol concentration in NSCLC was associated with intratumoral aromatase and was correlated with both tumor size and Ki-67 in ERa-or ERh-positive cases. In in vitro cell studies, estradiol significantly increased the cell proliferation of A549 cells stably expressing ER isoforms and this could be suppressed by addition of SERMs. The proliferation of these cells was also increased in the presence of testosterone and this was inhibited by the aromatase inhibitor, letrozole. Results from our present study suggest that estradiol is locally produced in NSCLC mainly through intratumoral aromatase and plays an important role in the growth of ERpositive NSCLC. Therefore, SERMs and/or aromatase inhibitors may be clinically effective in NSCLC patients who are positive for both ER and aromatase.
